In a 1986 article (Am J Epidemiol. 1986;124(6):903-915), Keys et al. described and discussed 15-year findings from 15 cohorts of the Seven Countries Study (SCS), the first systematic study of diet, risk characteristics, disease-specific death rates, and their ecologic and individual associations both among and within whole populations of working men in regions with contrasting traditional diets. The SCS findings included 30-fold cohort differences in rates of death from coronary heart disease and 3-fold differences in rates of death from all causes, along with strong ecologic associations among diet, risk factors, and disease rates. These results have motivated a generation of causal research conducted using bench, clinical, and population strategies. The study has contributed to survey methods, preventive practice, nutrition science, and policy on health, food and agriculture, and diet. The article is a succinct and accessible account by Ancel Keys, near the end of his long career, of the SCS design, conduct, and findings, with his discussion and interpretation of their importance. My commentary deals with the extent, validity, and historical meaning of SCS findings, as well as their influence and the influence of the 1986 article itself on epidemiologic thought and on public health. Students of epidemiology and of history should read this rich original source. cohort studies; diet-heart hypothesis; ecological study; Seven Countries Study Abbreviations: CHD, coronary heart disease; SCS, Seven Countries Study.
Epidemiologists and historians alike look back to the 1986 article by Keys et al. (1) because of its accessibility and its substantive content and summative conclusions, as well as because of the influence that the Seven Countries Study (SCS) has had on epidemiology and public health. Both the article and the study have informed epidemiologic thinking on the import and limitations of population comparisons and ecological relationships as indicators of the mass causes and preventability of common chronic diseases.
The recognition of coronary heart disease (CHD) as an epidemic in the mid-20th century provided the framework and impetus for the SCS. However, diagnosis of CHD then was unreliable, its care was ineffective, and its prevention was not yet in the medical vocabulary. Keys and a few pioneers, including Paul Dudley White, Martti Karvonen, and Noboru Kimura, proposed that questions about its causes were best examined across contrasting cultures rather than solely within affluent, homogeneous populations. The essential epidemiologic questions were then: how much disease, defined how, in which families and cultures, and related to what characteristics, exposures, and behaviors?
Ancel Keys was 82 years old when this article was written, some 30 years after he initiated the SCS and 6 years after the iconic publication from Harvard University Press of the study's 10-year experience, Seven Countries: A Multivariate Analysis of Death and Coronary Heart Disease (2). The article has been cited heavily, in part because it is one of the few readily accessible literature sources of information about the SCS experience. Because of the nature of the study management, most of the basic SCS methods and findings are sequestered in university libraries in 3 dense monographs from 1967 (3), 1970 (4), and 1980 (2), where, apparently, they are infrequently consulted. My comments on the article address the 15-year SCS findings and conclusions, their validity (then and now), and the influences of the study and the article itself on epidemiologic thought and public health.
CONTENT Different death rates
The content of the 1986 article was substantive because of its 30-year perspective on the SCS and the added years of mortality experience. Table 1 shows the major cohort differences in 15-year rates of death from CHD and cancer in the context of differing all-cause mortality rates among whole regional populations of working men in cultures with widely contrasting traditional diets. On the basis of field work done by a centrally trained international team using standardized and objective survey methods, the SCS provided early documentation of real differences in CHD death rates. These contrasts-a 30-fold difference in rates of CHD deaths among the 15 cohorts of middle-aged working men free of obvious disease at entry and a 3-fold difference in age-adjusted total death rates-had major implications about the determinants of population disease, health, and survival. Such hard-won credible findings of different rates of cause-specific and allcause deaths, bolstered by risk factor distributions, were themselves a historical contribution of the SCS.
Different diets
The SCS cohorts were chosen at the outset to represent populations with a wide range in the proportions of calories habitually consumed from fats and carbohydrates based on the investigators' impressions of clear contrasts in the traditional eating patterns among rural populations in southern, central, and northern Europe and Japan and among occupational cohorts in Italy and the United States. Actual contrasts in diet were measured in precise quantities using central laboratory chemical measurement of macronutrients in all foods eaten in a week during different seasons by randomly chosen families surveyed in each area.
Fat and carbohydrate intakes varied widely and reciprocally, whereas protein intake varied little. However, the cultures varied dramatically in proportions of energy from saturated fatty acids, mainly from meats and butter fat, and from monounsaturated fats, mainly olive oil. Intakes of saturated fatty acids were high (i.e., >10% of energy) in regions of central and northern Europe and in the United States, whereas intake of polyunsaturated fatty acids was not high in any SCS cohort. Alcohol intake consistently accounted for 10% or less of daily calories except in Dalmatia, Croatia, where it accounted for 20%.
Associations among risk factors, nutrients, and death rates
Using the age-adjusted rates of death from CHD, cancer, or all causes as dependent variables and the average intakes of single or combined nutrients, the 5 "traditional" CHD risk factors, or both as independent variables, the investigators entered data into then-available multivariable regression equations and computed correlation coefficients with their standard errors. Forty-six percent of the ecologic variance in total death rates among the cohorts was accounted for by the CHD risk factors of age, systolic blood pressure, serum cholesterol level, number of cigarettes smoked daily, and body mass index. No single risk factor was significantly related to 
Special cases
Keys et al. reported several strong ecologic correlations among dietary data and death rates: The energy from saturated fatty acids and the ratio of energy from monounsaturated fatty acids to saturated fatty acids, called the M/S ratio, were both highly correlated with deaths from CHD and from all causes. Solution of the linear multiple regression equation for deaths, using the M/S ratio together with traditional CHD risk factors as independent variables, accounted for 96% of the variance in rates of death from CHD among the cohorts and 85% of the variance in rates of death from all causes.
In retrospect, exploration of the correlates of the ratio of monounsaturated to saturated fatty acids was a step toward the future. Nutrition research today focuses on the potentially more powerful relationships of health and diseases with whole foods, food groups, and eating patterns (i.e., the synergy of nutrients) rather than with the reductionism inherent in studying associations for single macronutrients. Thus, that ratio may be thought of as an early representation of the "traditional Mediterranean diet."
The strong ecologic correlations found for averaged single and combinations of multiple biological and behavioral risk factors among these cohorts with widely contrasting dietswith respect to their death rates from CHD, cancer, and all causes-provided directions for further research and, short of experimental "proof," for rational public health recommendations. Inference about the causal nature of the relationships among populations was greatly strengthened by congruent findings in the SCS and elsewhere of associations of the biologic measures with disease among individuals plus strong clinical and laboratory evidence for plausible mechanisms in atherogenesis.
Methods
The 1986 article contains the most complete and accessible presentation of SCS data on diet, disease, and risk factor survey methods, including field, laboratory, clinical, and analytical methods, found outside the library volumes of the 3 Keys-led monographs. The SCS was unique in the sampling, collection, and precise chemical measurement of the nutrients, which were reported in full only in another obscure monograph (5) . The handling of sample size, recruitment, exclusions, standardized rates, and multivariate correlations in the SCS also is found in summary form in that article.
Dietary time trends
Keys et al. observed that during the 15-year follow-up of the SCS cohorts (between 1957 and 1985), the participants' dietary consumptions of saturated fatty acids had increased and their average serum cholesterol levels had risen. Such trends, they observed, would "tend to dilute the differences among the cohorts in dietary variables and therefore to underestimate their importance" (1, p. 911). They also would lead to underestimations of the relation of baseline serum cholesterol levels with rates of death from CHD.
COMPARABILITY Ethnicity
To deal with the differences in ethnicity between the Japanese cohorts and the other SCS populations, as well as their widely different diets, Keys et al. first recalculated the SCS correlations without the Japanese participants and found that the ecologic coefficients differed insignificantly. Then, in direct feeding experiments among Japanese subjects, Keys et al. found that participants' serum cholesterol responses to dietary changes in fatty acid consumption were no different from those in the United States that had led to the classic Keys equation (6) . Establishing this experimental relationship under careful metabolic ward conditions was essential to the interpretation of the SCS ecologic findings. Today, the choice in the 1950s to compare diets ranging from high-fat/Mediterranean to low-fat/Asian is considered to be one of the fortuitous a priori decisions for the SCS. 
Keys et al. addressed this issue by repeating analyses with the occupational cohorts omitted (US and Italian rail men).
They again found that the diet and risk factor coefficients were insignificantly influenced.
Rural European working cohorts
Keys et al. also concluded that the 9 "complete" rural European cohorts, where the response rate exceeded 90% of all men in the region, "differ[ed] little in physical activity, family structure, and smoking habits but [fell] into 2 groups in respect to diet" (1, p. 912). The 2 Mediterranean cohorts were alike in that they consumed more fruit and fresh vegetables and 15%-30% of their total dietary energy intakes were from olive oil. In the 4 cohorts from central and northern Europe, meat and dairy foods were the main fat source. "These differences are associated with marked differences in 15-year death rates," Keys et al. wrote, "[which] is primarily a reflection of a great contrast in death rate from coronary heart disease. The mortality differences are associated with differences in the average diet that reflect the different kinds of agriculture imposed by climatic differences" (1, p. 912).
Ecologic correlations and individual variability
The issue from the 1986 article that is now most relevant to the epidemiologist is the view of ecologic correlations. The authors pointed out that the decision to use such correlations among populations in order to investigate a hypothesis of dietary causes of CHD in the 1950s was mainly pragmatic and due to the "extreme limitations of dietary estimates for individuals" (1, p. 913). His Minnesota group had, after rigorous studies, established the crucial fact that intra-individual variance of dietary estimates tended to be of the same order as inter-individual variance (7). However, Keys' Laboratory of Physiological Hygiene was also early and heavily involved in the bench and clinical work essential to understanding the pathways via which diet potentially leads to elevated blood lipid levels and to artery disease (6) . The population correlations should not and did not stand alone.
Keys' long experience with diet assessment led to his proposition in the 1986 article (1) and throughout his career that intra-individual variability explains why attempts to find relationships among dietary data of individuals and their serum cholesterol levels or disease risks usually fail. This he contrasted with the powerful evidence from controlled feeding experiments of highly significant, reproducible correlations-thus, experimental "proof"-of different effects of specific dietary fatty acids on serum lipoprotein cholesterol levels (6).
Keys explained, "Something like 20 repetitions of the survey would be required to characterize the individual properly in regard to the habitual diet. In this study we are concerned with over 11,000 individuals!" He found it feasible, however, "to characterize the average diet of a population by repeated dietary surveys covering the several seasons on statistically selected subsamples of the population . . . but nothing can be said [thereby] about the risks of individual men" (1, p. 914).
The essentials
Thus, Keys was impressed with 2 ecologic features of the SCS comparisons: extreme differences in rates of CHD events and deaths among cohorts and strong associations of average dietary features and blood cholesterol levels with those rates. On one hand, he cautioned against overinterpreting these ecologic correlations. On the other, he felt it would be just as wrong to ignore the strong ecologic relationships, particularly when clinical and bench experiences were congruent and when assessment of diet for all subjects was not practical in field studies.
However, insufficiently considered in this or other writings of Keys-and equally fundamental-is the issue raised by Alessandro Menotti, co-author of the 1986 article: "The SCS reliance on ecological relationships was perhaps too daring, statistically speaking, in using 6 independent variables in multiple linear regression where there were only 15 statistical units!" (Alessandro Menotti, Association for Cardiac Research, personal communication, 2016). Indeed, ecologic data among 15 units are not well suited in themselves to causal inference. Strong confounding with unmeasured individual-level covariates cannot be addressed. However, neither are strong ecologic associations meaningless. They mandate further investigation and thinking about dietary patterns and fat type and about blood lipoprotein responses to diet and CHD risk. Indeed, much diet-disease research and debate since has been stimulated by the ecologic findings among the widely contrasting traditional diets of the SCS cohorts.
The analytical situation is improved today by the finding that compared with those for single nutrients or foods, both within-person variation and individual long-term tracking in qualitative dietary pattern indices are "acceptable" in that they are similar to the level of tracking for common CHD biomarkers (8) . It is further enhanced by the technical capability to analyze large samples with detailed regressions of ecologic and individual associations in the same analysis.
Conclusions
Keys' perspective led him to a circumspect interpretation of SCS findings in this article published at the close of his academic career.
It is not claimed that the differences in death rates are caused by the dietary differences; interrelations with other unidentified variables could be involved. But if the relationships reported here actually depend on differences among the cohorts in other characteristics, it would seem that the dietary characteristics must be closely related to those other unidentified variables (1, p. 911).
This was a harbinger of today's thinking that foods and eating patterns responsible for the serum cholesterol and/or disease differences among cultures must be closely related to their dietary composition, including saturated fatty acids, which is the single nutrient most highly correlated with average serum cholesterol levels and with CHD rates. Moreover, a priori food groups and patterns (e.g., Mediterranean diet) formulated from diet questionnaires may be superior predictors of disease outcomes than similarly derived estimates of specific nutrient intakes (8) . Today, the relevant scientific question is "what foods, in what patterns?" rather than "what (macro) nutrients?" Ancel Keys, as well as those of us exposed to these findings for decades, proposed that if strong ecologic diet-disease and risk-disease relationships are found in natural experiments among populations, they are consistent with those found for the same factors among individuals, and these in turn are congruent with plausible mechanisms and pathogenic pathways, then inference of causation is strong and disease prevention is testable by reducing those risk factor levels and population exposures.
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